The public tends to dismiss floods as somewhat unreal catastrophes or occasional inconveniences that usually affect others. When a flood disaster strikes at the local level, the magnitude of the event is appraised in terms of the damage to human works on the river-valleyflooror, in some cases, in terms of the loss of life. Resources are mobilized to combat the disaster, and discussions ensue concerning flood control plans and projects. The affected communities may then learn that they have experienced a "100-year flood," or a flood discharge that has a "1 percent probability of being equalled or exceeded in a given year."
They may further learn that the unpleasantness of this event can be prevented and controlled by various combinations of levees, dikes, dams, reservoirs, and channels. Rarely does the public hear that floods are a natural part of a river's activity, really an essential part of a river's long-term task of. conveying water and sediment down gradient from an evolvinglandscape to a base level, such as the Gu|f of Mexico. Flooding is a great natural hazard because people occupy river-valley bottoms, flood plains,and other floodprone areas.
The term "flood" is variously defined depending on the concerns of its user. Toall, it is an overflow of a stream channel that exceeds certain limits. To the flood-plain manager, these limits are those at which life and property are damaged or threatened. To the hydrologist, the limits are arbitrarily defined on the basisof magnitude-frequency studies of streamflow. The geomorphologist and the geologist view floods relative to the natural features associated with the stream or river. Clearly, the study of floods and the mapping of their potential occurrence require an interdisciplinary approach. The accelerating demand for flood-plain information makes desirable an evaluation of alternative techniques to standard engineering flood line and regional flood analyses (Wolman, 1971 Council,1968) .Total damage to smaller basins was estimated at $55.9 million. Despite the current total investment of over $400 millionin flood control works, the total damage figures are projected to n'se to $59.3 and $125.3 million respectively by the year 2000. An increasingpercentageof the annual national flood loss is the result of so-called catastrophic floods (Holmes, 1961) , i.e., floods which either (1) have a return period of 100 years ormore, or (2) cause failureof a flood protection project by exceeding the project design flood. The Congress,1966, p. 18-19) .
White (1964) has shown that from the theoretically broad range of choice for the flood-plainmanager, only a few choices are generally considered in decision-making. (Carr, 1967, fig. 2) shows the effect of this topographic rise. Studies of average monthly precipitation (Carr, 1967) (Morgan, 1966) . The lift effect of this convectively unstableair at the Balcones Escarpment resulted in the production of 22 inches of rainfall in 2 hours 45 minutes.
Weather disturbances of tropical origin are responsible for the greatest flood-producing storms which affect Texas. The meteorology of such storms is characterizedby easterly waves which pick up enormous quantities of moisture from passage over thousands of kilometers of warm tropical seas (Orton, 1966 (Orton, 1966 (Lot-t, 1952) . The peak stage at the Johnson City bridge over the Pedernales was recorded as 48 feet by local residents. The peak discharge at that location was determined to be 441,000 cfs (Breeding and Montgomery, 1954 (Orton, 1966 (Carr, 1966 (Myers, 1966) .
The meteorologic factors that affect the magnitude and intensity of precipitationare the key to forecastingthe temporal occurrence offloods. However, once precipitation reaches the ground, the conversion to flow in a river channel depends mainly on the physical characteristics of the drainage basins and stream channels (Rodda, 1969) .
Very rapid runoff in the EdwardsPlateau is promoted by sparse scrub vegetation, thin lithosols, and bare limestone slopes that are often clay sealed (Tinkler, 1971) (Wermund, 1974; Morton, 1974 Paulhus (1965) . Values for the New Braunfels storm (May 11, 1973) reportedby Colwick and others(1973) The flood-peak discharges that result from the meteorologic and physiographic circumstances in Central Texas are well known for their tendency to exceed those recorded from similar-sized drainagebasins elsewherein the United States (Hoyt and Langbein, 1955 ; Leopold and others, 1964) . By examining the relationship between the magnitude of flood discharge and the contributive drainage basin area, it is possible to define an envelopecurve for the greatest floods in the region (fig. 4) (Kates, 1962) .However, arare flood of immensemagnitude leaves a much more profound impression than more frequent minor floods. Flood-frequency analysis (Dairymple, 1960) (Gumbel, 1958 (Reich, 1973) . Another problem is that the common practice of extrapolating flood-frequencycurves along the time axis in order to estimate less probable flood peaks can result in immense error. This is especially true in a regionwhereprecipitation is highly variable in time and space. Commons (1966) pointed out that streamflow records of even30 years are practically useless in predicting low-probability floods in Texas. Myers (1969) (Myers, 1969 (Myers, 1969), or (2) (Tinkler, 1971 (Tinkler, , p.1787 , or (2) increased shear stress that develops on the inside of meanderbends during extreme-flood stage (Baker, 1974, p. 
139).
In contrast to the spectacular effects observed along Blieders Creek, very little geomorphic change was observed along the GuadalupeRiver as a resultof the 1972 flooding. The Guadalupe is a relativelylarge river with a channel that has adjusted to the flow contributed from its drainagebasin of approximately 1,518 square miles. Its gradient is (Stewart and LaMarche,1967 (Costa, 1974 a) .. The morphology of the rock channel of Blieders Creek appears to be adjusted to relatively infrequent, high-magnitude controlling discharges. Tinkler (1971) suggested that the morphology of Central Texas streams, especially their meander wavelength, was adjusted to flood discharges that have a recurrence interval between 10 and 50 years. This contrasts to alluvial meanders which are adjusted to much more frequent flows,perhaps with recurrence intervals between 1 and 3 years (Carlston, 1965; Dury, 1965 (Patterson, 1963; Ruggles, 1966) . Correlations to discharges of calculated recurrence interval (Benson,1964) Chow,1959) , it is interestingthat the resulting discharge determinations were found to be quite close to the maximum floods of record at three locations (table 1). (Wolman, 1971) . The approaches considered in this report will be engineeringhydraulic-hydrologic, soils, botanic, and geologic. The engineering hydraulic-hydrologic methodsare generally considered to be the most desirable for planning and management purposes in urban areas (Wiitala and others, 1961) . However, these methods also tend tobe the most expensive, costing as much as $1,000 per mile for delineating flood profiles by backwater curve analysis of large-scale topographic maps (Wolman, 1971 (Wolman, , p. 1384 . In contrast, the mapping of topographic features or soil associations that may correlate to flood levels could cost as little as $1 to $4 per mile of channel (Wolman, 1971) . In the next section of this report, possible trade-offsbetween cost and accuracy will be discussed. These will be used to determine an appropriateflood hazard mapping technique for regionalplanningin Central Texas.
HYDRAULIC-HYDROLOGIC METHODS
The U. S. Army Corps of Engineers is the principal agency producing detailed hydraulic flood-plain maps, in Texas, The Corps' Flood Plain Information Reports present information on two categories of floods-the Intermediate Regional Flood and the Standard Project Flood. The data required to map these floods (Sutton, 1964) (Chow,1959) . The computer programs used to perform the necessary water profile calculations pose many difficulties (Eichert, 1970 (Benson, 1962 a) is to relate flood heights of differentreturn periods to the drainage area and the mean annual flood discharge (a chosen index flood). Patterson (1963) (Cruff and Rantz, 1964) . The assumption that magnitude-frequency relationships will be uniform in arbitrarily defined regions may be valid in the humid eastern United States where rainfallis producedby large air masses and runoff is uniform over great areas (Benson, 1962b; Thomas, 1964) . However, semiarid regions are well known as areas of highly variable flood response (Dorroh, 1946) . Benson (1964) found that a regional multipleregression model for predicting peak flood discharges of various return periods in Texas could not explain consistently large deviations from the general pattern in the Balcones fault zone. The deviations were attributed to the occurrence of l ift-convective storms associated with the topographic rise that occurs along the fault.zone (Benson, 1964, p Victorov, 1971) . Very large historical floods also pose a problem when they are compared, to a frequency line developed from short-term gaging station records (see fig. 8 ). The recurrence interval of such large events is of great importance,but extrapolation of the frequency line is not the way to determine it. The U.S. Water Resources Council (1967) (Elder, 1965, p. Ware and Penfound (1949) , and Wistendahl (1958) , Such studies are usually considered to be much less precise than those traditionally desired for flood hazard evaluation (Wolman, 1971) . Studies of flood damage to vegetation, combined with tree-ring analysis to determine the dates of damage (Brink, 1954; Harrison and Reid, 1967; Helley and LaMarche, 1973; Phipps, 1970; Sigafoos, 1964) , can be quite accurate but such studies require great expenditure of time by field investigators trained in botanicalecology.
Regional ecological studies (Blair, 1950; Tharp,1926) suggest that some zonation of vegetation occurs along the major river valleys of the Edwards Plateau ( fig. 12) Preliminary biologic assemblage mapping by the Bureau of Economic Geology (Wermund and Waddell, 1974) has shown that the bottomland cypress-pecan assemblage can be easily recognized in the process of environmental geologic mapping from aerial photography. However, the factors which control the zonation of vegetation on Texas river-bottom environments are quite method to be applied to the calculation of less probable flood magnitudes.
GEOLOGIC METHOD
Geologic techniques for flood-plainmapping should not be confused with simple physiographic correlation of specific topographic features with flood discharges of known frequency (e.g., Kilpatrick and Barnes, 1964; Woodyer, 1968 Reckendorf's (1973) "combination method" for the construction of flood-plain maps in Oregon. Reckendorf developed a base map by mapping typical geomorphic flood-plain features (see Fisk, 1944; Jahns, 1947; Lueder, 1959) and associated terraces from aerial photography and selected field studies. The available soils, vegetation,historical flood, and hydrologichydraulic information can then be superimposed on the geomorphically delineated flood plain. The skilled investigator will use each technique to check and balance the other. Reckendorf found that, in general, there is a strong correlation between geomorphic flood-plain surfaces and river stages for floods of particular frequencies, especially the 100-year averagerecurrence interval event.
The Bureau of Economic Geology is mapping floodprone areas on aerial photographs using geologic criteria (Dickerson, 1974) as part of a general program of environmental geological mapping in the Edwards Plateau (Wermund and others, 1974) and adjacent inner Coastal Plain (Gustavson and Cannon, 1974) . Map units were developed by a combination of physiographic,pedologic, vegetation,and occasional-flood criteria. Flood plains were recognized as relatively high-probability flood-prone areas by the occurrence of point-bar deposits, scoured channels, and visible evidence of recent flooding.Low terraces were interpreted as low-probability flood-proneareas.Generally, such areas have no visible flood evidence but occur at relativelylow levels immediately above active flood plains. Higher terrace levels subject only to catastrophic flooding are also mapped. This mappingprogram has not sought to associate the delineation of flood-prone areas with specific probabilities of occurrence. However, comparisons of Standard Project Floodmappingby the Corps of Engineers and Bureau of Economic Geology mapping of "lowprobabilityflood-prone areas" have shown close agreement along reaches of Salado Creek, San Marcos River, and Blanco River (Morton, 1974) . The principal advantage of environmental mapping is that it is relatively rapid and inexpensive.Its benefits are therefore maximized for small communities, subdivisions, resorts, and rural regions that cannot afford the more expensive engineering hydrologic studies used in larger cities (Dickerson,1974) .
The geologic approach to flood hazard delineation (table 2) should include inventories of historical flood marks on the ground surface, aerial photographs of actual flood events, and local interpretations of existingstreamgaging data. It should also be a subjective appraisal of all existing physiographic, botanic, pedologic, occasionalflood, and regional hydrologic studies to be done by skilled scientists as a part of a regional environmental inventory. (Fisk, 1944; Jahns, 1947; Lueder, 1959; Reckendorf,1973) including the following:
Geology
(1) Active channel and channel bars (2) Point bars (3) Meanderscrolls (4) Oxbows and oxbowlakes (5) Sloughs (6) Natural levees (7) Backswamp deposits (8) Sandsplays (9) Abandonedchannels (10) Flood-plain scarps (11) Chutes and chute bars (12) Terraces and ancient alluvial surfaces now undergoing dissection
Field surveysof scour and deposition from past floods:
(1) Flood berms (Scott and Gravlee,1968) (2) Bedforms relict from recentflooding (Williams, 1970 Regional hydrologic studies (Breeding, 1948a (Breeding, , 1948b Breeding and Dalrymple, 1944; Breeding and Montgomery,1954; Patterson, 1963 Patterson, , 1965 Ruggles, 1966; Schroeder,1973;  (Dougal, 1969, p.56 The U. S. Geological Survey has done much research to determine how flood information can best be presented on maps (Dalrymple, 1964; Bue, 1967; Ellis, 1969 (1970) and Wiitala and others (1961) . Unfortunately extensive mapping in nonurban areas using their approach is expensive (Dickerson, 1974 (Stephenson, 1969) includes the preparation of flood-plain information reports and the provision of technical services to state and local governments to aid in their preparation of flood-plain regulations. The Corps of Engineers is increasingits use of nonstructural measures in the solution of flood problems.
FLOOD-PLAIN REGULATION
"Regulation" implies restrictions placedby legislative bodies on private and public land uses inflood-proneareas (Liebman, 1973) . The following regulationtechniques can be used to control land use on flood plains (Murphy, 1958) : (1) state laws (statutes), (2) zoning ordinances, (3) subdivision regulations, (4) building codes, (5) urban renewal, (6) permanent evacuation, (7) governmentacquisition, (8) building financing and tax assessments, (9) warning signs and notices, and (10) flood insurance.
Techniques (2), (3), and (4) wouldprimarily apply at the local level,although the real power of local governments to zone is delegated from a state legislature or constitutional provision (Liebman, 1973 (Hogan, 1963) (Gillett, 1974 (Kennedy, 1973) involves crosssection measurement from topographic maps, floodfrequency information from the regional izationstreamflow records at gaging stations, and computer routing of discharge to determine flood stage. Special hazard maps only identify the 100-year floodplain.The goal was to have 750 such maps completed for Texas by July 1, 1974 (GiHett, 1974) . The next step is for local communities to have a detailed rate study, utilizing backwater analysis to precisely identify the 500-, 100-, 25-, and 10-year flood lines. Only residents within the 100-year flood line are required to buy insurance. The 500-year flood line is arbitrarily determined from the envelope of maximum floods (fig.4) A sound flood insurance program could solve the nationwide problem offlood damage.However, the existing program has some severe limitations (Hanke, 1973; Liebman, 1973 (Dougal, 1969) .
The types of engineering works used include channel improvements, levees, storage reservoirs, and land management and watershed development.In Texas, the Corps of Engineers is primarily responsible for the first three types and theSoil ConservationService for the fourth.
Flood control projects can also be divided into those which primarily concern watershed development in upstream areas, and those which concern protection for downstream areas (Leopold and Maddock, 1954 Magnitude and frequency relationships must bedetermined to establish both a design flood against which a given area is to be protected and a maximum probable flood that is the largest flood for which there is any reasonable expectancy in a given climatic region. The maximum probable flood is determined by transposition of hypothetical storms to a position that will give maximum runoff. It frequently is twice the magnitude of a flood with a recurrence interval between 100 and 200 years, i.e., Standard Project Flood (Cochran, 1966) . A problem often overlooked by the general public is that there is always a small probabilitythat a flood will occur that is larger than the design flood and which cannot be controlled. This would be particularly significant if the project fostered increased flood-plain development because of a false sense of security. Flood damage from an excessiveevent would then be greater, than would have been the case without the initial degree of protection (Leopold and Maddock, 1954) .
"Flood control" is probably a misnomer when applied to engineering works. Dams do not give flood control, but only "a specific amount of flood protection" (Leopold and Maddock, 1954 (Morse, 1962) Effective mitigation of flood dangers will probably have to involve some sort of regulation in addition to structural control measures. However, because flood hazards vary regionally and because floodingis but one of many problems that local communities face, the precise form of regulation needs to vary. One community might find it advantageous to permit flood-plain occupancy, requiring only building adjustments or "flood proofing" (Sheaffer, 1960 
